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Description 

[0001 ] This invention relates to traffic shapers for, and 
to methods of shaping traffic of, a plurality of streams of 
traffic. 

[0002] Today's business communications environ- 
ment consists of two separate network infrastructures: 
a voice network (such as a private branch exchange 
(PBX)) characterized by real-time, high-reliability, con- 
stant bit-rate (CBR) connections; and a data network 
(such as a packet network) characterized by high-band- 
width variable bit-rate (VBR) connections. Business 
needs for simplified maintenance, management, and 
access to information on diverse networks are forcing 
the convergence of these networks along with a new 
class of real-time multimedia networks. Asynchronous 
transfer mode (ATM) provides a single infrastructure 
that cost-effectively and flexibly handles both switching 
and transmission for the traffic types mentioned above 
(voice, video, and data) for both local-area networks and 
wide-area networks. The evolving network convergence 
requires the adaptation of the legacy PBX voice traffic 
to ATM. Voice telephony over ATM (VTOA) specifica- 
tions allow adaptation of compressed or uncompressed 
voice pulse-code modulated (PCM) data streams into 
streams (virtual circuits) of CBR cells. 
[0003] An ATM cell, regardless of the traffic it carries, 
is a packet 53 octets long: 48 octets of payload attached 
to a 5-octet header. The header contains addressing 
and management information used to direct the cell from 
source to destination and to ensure that the negotiated 
aspects of the traffic-flow through the ATM network are 
met. CBR traffic is assembled into cell payloads using 
ATM Adaptation Layer 1 (AAL1). The AAL1 cell con- 
structor layer uses the first octet of the payload for its 
header and the remaining 47 octets to carry CBR infor- 
mation. ATM cell construction is then completed by at- 
taching the ATM header to the payload. 
[0004] An individual ATM cell carries traffic of a single 
narrowband or wideband channel (a virtual circuit). Il- 
lustratively, a narrowband channel is represented by a 
single time slot of each successive frame of a TDM bus, 
while a wideband channel is represented by a plurality 
of time slots of each successive frame of a TDM bus. If 
a transmitter handles a plurality of virtual circuits, differ- 
ent ones of the ATM cells that it transmits carry traffic of 
different virtual circuits. Likewise, if a receiver handles 
a plurality of virtual circuits, different ones of the ATM 
cells that it receives carry traffic of different virtual cir- 
cuits. A transmitter may transmit the traffic of different 
virtual circuits to different receivers. Likewise, a receiver 
may receive the traffic of different virtual circuits from 
different transmitters. 

[0005] C.R. Kalmanek at al., "A High- Performance 
Queuing Engine for ATM Networks", International 
Switching Symposium 1992, (ISS '92, 25-30 October 
1992, Yokohama, Japan) Proceedings Vol. 1, pp. 
354-358, XP000587459, discloses a queuing engine for 



an ATM switch, which has two queues dedicated to each 
ATM virtual circuit. An input queue receives ATM cells 
from a trunk and stores them for transmission on aback- 
plane to an address translation module. An output 

5 queue receives ATM cells from the address translation 
module over the back plane and stores them for trans- 
mission on a trunk. A service decoder controls the serv- 
ing order of queues by controlling which prioritized serv- 
ice list they are put on. A queue server serves the 

10 queues on each list on a round-robin basis. 

[0006] The traffic of each virtual circuit is processed 
by its own instance of the AAL1 cell constructor layer; 
the number of active instances varies as virtual circuits 
are added and removed. Assuming a channel carrying 

15 uncompressed pulse-code modulated (PCM) traffic 
having an 8KHz sampling rate, each instance of the cell 
constructor that is processing a narrowband virtual cir- 
cuit is supplied one PCM octet every 125us frame peri- 
od. It therefore requires 5.875ms to fill a cell (47 octets 

20 * 1 25us/octet). Fully constructed (mature) cells from all 
instances of the cell constructor are then transmitted. 
[0007] Unlike the constant cell rate from narrowband 
virtual circuit, a wideband virtual circuit generates a con- 
stant average cell rate but a variable instantaneous cell 

25 rate. For example, a 32-narrowband-chann el-wide 
wideband virtual circuit is supplied 32 octets during each 
frame period. The processing sequence effected by its 
cell constructor instance is as follows: during a first 
frame period, fill the first 32 octets of a first empty ATM 

30 cell; during a second frame period, fill the remaining 1 5 
octets of the first ATM cell, transmit the first ATM cell, 
and fill the first 17 octets of a second empty ATM cell; 
during a third frame period, fill the remaining 30 octets 
of the second cell, transmit the second cell, and fill the 

35 first 2 octets of a third empty cell; etc. This sequence 
shows an instantaneous cell rate of one cell every 250us 
(two frame periods) sometimes and one cell every 
125us (one frame period) at other times. Variable bit- 
rate virtual circuits, whether narrowband or wideband, 

40 provide even greater diversity in the instantaneous cell 
rate. 

[0008] ATM switches police cell traffic to ensure that 
it does not exceed the cell-traffic capacity of the switch- 
es. The average cell rate is policed on a per-switch ba- 

45 sis, but the peak (instantaneous) cell rate is policed on 
a per-virtual-circuit basis. Receiving ATM switches de- 
lete received cells of each virtual circuit that exceed that 
virtual circuit's negotiated peak cell rate. And transmit- 
ting ATM switches meter out cells from each virtual cir- 

50 cuit to ensure that they do not exceed that virtual circuit's 
negotiated peak cell rate. 

[0009] The ATM standards specify a Generic Cell 
Rate Algorithm (GCRA) for use by both hardware and 
software-implemented devices, called traffic shapers, 
55 for metering out cells. The GCRA requires the traffic 
shapers to periodically process the output queue of 
each virtual circuit. The period may be different for each 
virtual circuit, and is a function of the negotiated peak 
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cell rate for that virtual circuit. In the case of PCM traffic 
having an 8KHz sampling rate, the processing p riod is 
the 1 25us frame period. The queues of all virtual circuits 
are processed during each period. If the queue of a vir- 
tual circuit is empty, the traffic shaper does not transmit 
a cell from that queue. If a cell is available in the queue 
of a virtual circuit, the traff ic shaper transmits it if it meets 
the GCRA criterion, i.e., if the period between the last 
transmitted cell from this queue and now is greater than 
or equal to the minimum administered cell-rate period. 
If more than one cell is available in the queue of a virtual 
circuit, the traffic shaper transmits one cell from the 
queue if it meets the GCRA criterion, and the next cell 
must wait at least until the subsequent processing peri- 
od to be transmitted. A spacing of at least 125us be- 
tween transmitted ATM cells from any virtual circuit is 
thus ensured, thereby guaranteeing that the virtual cir- 
cuit does not exceed its negotiated peak cell rate. 
[0010] Aproblem with using the GCRA for multiple vir- 
tual circuits is that the traffic shape rs must test the output 
queue of each virtual circuit during each processing pe- 
riod to determine if it has a cell to transmit. This is a 
particularly onerous task for GCRA implemented in soft- 
ware that supports large numbers (e.g., hundreds) of vir- 
tual circuits. Statistically, however, only one in 47 GCRA 
queue checks will result in the transmission of a cell dur- 
ing each processing period. 

[0011] According to one aspect of this invention there 
is provided a traffic shaper as claimed in claim 1 . 
[0012] According to another aspect of this invention 
there is provided a method of shaping traffic as claimed 
in claim 6. 

[0013] Generally, traffic shaping for a plurality of 
streams of traffic (e.g. ATM virtual circuits or other pack- 
etized channels) utilizes a sequence of a first plurality 
of queues that are shared by the plurality of traffic 
streams, an enqueuing arrangement, and a dequeuing 
arrangement. Each of the traffic streams has at least 
one of the queues designated as its serving queue. De- 
queuing is effected by cyclically transmitting contents of 
the sequence of the queues, i.e., by transmitting the 
contents of a different sequential one of the queues dur- 
ing each sequential period of the first plurality of such 
periods. During each period, a queue having a fixed off- 
set in the sequence from the queue whose contents are 
being transmitted forms a current queue forthat period. 
Preferably, the offset is zero, i.e., the current queue is 
the one whose contents are being transmitted. Enqueu- 
ing is effected as follows. In response to receipt of traffic 
(e.g., an ATM cell or another packet) from any said traffic 
stream during a period before a serving queue of that 
traffic stream becomes the current queue for that period, 
the received traff ic is stored in that serving queue of that 
traffic stream. In response to receipt of traffic from any 
said traffic stream during a period when a serving q ueue 
of that traffic stream is the current queue for that period, 
the received traffic is stored in the current queue for that 
period. In response to receipt of traffic from any said traf- 



fic stream during a period after a serving queue of that 
traffic stream ceased being the current queue for that 
period, the received traffic is stored in the current queue 
for that period, and the designation of the at least one 
5 serving queue of that traffic stream is changed to des- 
ignate the current queue of that period as a serving 
queue of that traffic stream. If a traffic stream has a plu- 
rality of serving queues, they are evenly spaced apart 
in the sequence of queues. The designation of the serv- 
10 ing queues is then changed by shifting the designation 
from each of the serving queues a same distance in the 
sequence, to other queues that include the current 
queue. The shifting preferably involves shifting the des- 
ignation a distance in the sequence from the serving 
is queue of that traffic stream that last ceased being the 
current queue to the current queue, and shifting the des- 
ignation from each of the other serving queues of that 
traffic stream a same distance to another queue. 
[0014] This arrangement effects traffic shaping for 
20 both narrowband and wideband constant-bit-rate chan- 
nels. For variable-bit-rate channels, an additional over- 
flow queue is used, for temporarily storing any traffic re- 
ceived when enqueuing that traffic in the first plurality of 
queues would result in storing of that traffic in a queue 
25 that presently already stores received traffic of that traf- 
fic stream. When dequeuing has made room for storing 
the traffic that is presently stored in the overflow queue 
available in the first plurality of queues, enqueuing of 
that traffic in the first plurality of queues is then effected. 
30 [001 5] The above-characterized arrangement is very 
computationally-efficient. For example, while the GCRA 
of the prior art requires that as many queues as there 
are traffic streams be checked for an item of traffic to 
transmit during each dequeuing period, the subject ar- 
35 rangement requires that only one queue be checked 
and its contents be transmitted during each dequeuing 
period. Moreover, the subject arrangement often reduc- 
es the number of queues that are needed to effect traffic 
shaping. For example, in the case-of an ATM system 
40 that transports only narrowband constant-bit-rate virtual 
circuits, only 47 queues are needed, regardless of how 
many of the virtual circuits there are. Although it is de- 
scribed below as providing traffic shaping for a plurality 
of ATM virtual circuits, it can be used for any packetized 
45 channels, including frame relay and voice over the In- 
ternet, and in fact is not precluded from serving non- 
packetized channels as well. And although it can be im- 
plemented in hardware, the subject arrangement is par- 
ticularly suited for implementation in software, including 
50 firmware. 

[0016] These and other features and advantages of 
the present invention will become more apparent from 
the following description of an illustrative embodiment 
of the invention considered together with the drawing. 

55 
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Brief Description of the Drawing 
[0017] 

FIG. 1 is a block diagram of an ATM cell constructor 
that includes an illustrative embodiment of the in- 
vention; 

FIG. 2 is a diagram of a first embodiment of a traffic 
shaper of the ATM cell constructor of FIG. 1 ; 
FIG. 3 is a functional flow diagram of a global ini- 
tialization function of a state machine of the iraific 
shaper of FIG. 2; 

FIG. 4 is a functional flow diagram of an instance 
initialization function of the state machine of the traf- 
fic shaper of FIG. 2; 

FIG. 5 is a functional flow diagram of an enqueuing 
function of the state machine of the traffic shaper of 
FIG.2; 

FIG. 6 is a functional flow diagram of a dequeuing 
function of the state machine of the traffic shaper of 
FIG. 2; 

FIG. 7 is a diagram of a second embodiment of the 
traffic shaper of the ATM cell constructor of FIG. 1 ; 
FIG. 8 is a functional flow diagram of an instance 
initialization function of a state machine of the traffic 
shaper of FIG. 7; 

FIG. 9 is a functional flow diagram of an enqueuing 
function of the state machine of the traffic shaper of 
FIG. 7; 

FIG. 1 0 is a functional flow diagram of a dequeuing 
function of the state machine of the traffic shaper of 
FIG. 7; 

FIG. 11 is a diagram of a third embodiment of the 
traffic shaper of the ATM cell constructor of FIG. 1 ; 
FIG. 1 2 is a functional flow diagram of an enqueuing 
function of the state machine of the traffic shaper of 
FIG. 11; and 

FIG. 13 is a functional flow diagram of a dequeuing 
function of the state machine of the traffic shaper of 
FIG. 11. 

Detailed Description 

[0018] FIG. 1 shows an ATM cell constructor 100, also 
known as an ATM cell assembler, such as may be used 
in an interface port circuit of a PBX or in any other ATM 
interface apparatus to construct ATM cells from a 
stream of traffic, such as voice and/or video traffic. 
[0019] Cell constructor 100 and each of its compo- 
nents may be individually implemented either in hard- 
ware or in software/firmware, either alone or in an inte- 
grated circuit with other devices. The software or 
firmware may be stored in any desired storage device 
readable by a computer — for example, a read-only 
memory (ROM) device readable by an interface port cir- 
cuit processor. Multiple virtual circuits (also referred to 
herein as channels, calls, or communications) of CBR 
traffic are received by ATM cell constructor 100 over a 



communications medium 102, and follow a data path 
1 49 through ATM cell constructor 1 00 where successive 
segments of the traffic are formed into packets (ATM 
cells). If the switching system employing ATM cell con- 

5 structor 100 is the Definity® PBX of Lucent Technolo- 
gies Inc., medium 102 is a time-division multiplexed 
(TDM) bus that carries up to 242 individual channels of 
traffic in 242 individual time slots of repeating frames. 
Each frame carries one (narrowband) or more (wide- 

10 band) time slots of each channel's traffic stream. Each 
time slot carries one byte (octet) of traffic. 
[0020] The bytes of traffic of individual channels are 
assembled into ATM cells in data path 149. It takes on 
the order of a TDM bus frame-interval to process an in- 

15 dividual time slot of traffic through data path 149; of 
course, up to a frame's worth of time slots may be proc- 
essed in parallel. A TDM bus frame-interval is therefore 
taken as a cell construction period. It is a predetermined 
time interval during which each virtual circuit can mature 

20 an ATM cell for transmission. It can take up to 47 frames 
to construct a cell, however. An ATM processor 11 8 se- 
quentially receives mature ATM cells and transmits 
them on an ATM communications medium 120 towards 
their destinations. ATM processor 1 1 8 comprises a con- 

25 ventional ATM layer 122 and a conventional physical 
layer 1 23 interfaced by a traffic shaper 1 21 . Traffic shap- 
er 121 ensures that the peak instantaneous cell trans- 
mission rate of each virtual circuit does not exceed its 
negotiated peak cell rate. Traffic shaper 121 comprises 

30 a sequence 1 30 of shaping queues 1 31 , a traffic shaper 
dequeue state machine 1 41 , and a plurality of instances 
of traffic shaper enqueue state machine 140, one in- 
stance for each virtual circuit. 

[0021] Afirst illustrative traffic shaper 121 embodying 
35 the invention is shown in FIG. 2. This embodiment is 
tailored to serve narrowband CBR virtual circuits. It re- 
places the queue-per-virtual-circuit of the prior art with 
a sequence 130 of 47 shaping queues, designated in 
FIG. 2 as Q0-Q46, one per AAL1 cell construction state 
40 (i.e., one per ATM cell payload octet), which are shared 
by all of the virtual circuits. 

[0022] During each queue processing period (which 
is a time interval at most equal to an inverse of a peak 
instantaneous cell rate of a fastest one of the virtual cir- 

45 cuits, which is the frame period of 125us in this in- 
stance), one of the queues 131 - the current queue - is 
emptied by dequeue state machine 1 41 and its contents 
are sent to physical layer 123. Alternatively, instead of 
the queue that is presently being emptied, a queue that 

so has a fixed offset of one or more queues 1 31 in the se- 
quence 1 30 may be referred to as the current queue dur- 
ing each processing period, for purposes of operation 
of enqueue state machine 140. During successive se- 
quential queue processing periods, successive sequen- 

55 tial ones of the queues 131 are designated as the cur- 
rent queue. Hence, it takes 5.875ms (47.1 25us) to emp- 
ty all queues 130. 

[0023] Each instance of enqueue state machine 140 
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identifies the one of the queues 131 that is designated 
as serving its corresponding virtual circuit (VC). In the 
example of FIG. 2, Q0 is indicated as serving VC 4, 12, 
and 13; Q1 is indicated as serving VC 7, 9, and 10; Q2 
is indicated as serving VC 1, 5, 11, and 14; Q3 is indi- 
cated as serving VC 6 and 16; Q4 is indicated as not 
serving any VC; Q5 is indicated as serving VC 15; etc; 
and Q 46 is indicated as serving VC 3 and 14. When 
ATM layer 121 makes an ATM cell of a virtual circuit 
available, that virtual circuit's corresponding instance of 
enqueue state machine 1 40 enqueues the ce!! in one of 
the queues 131, selected as follows. If the cell is on- 
time, meaning that it becomes available while the serv- 
ing queue of this VC is the current queue, the state ma- 
chine instance enqueues the cell in the current queue. 
For example, if a cell of VC 5 becomes available while 
Q2, VC 5's serving queue, is the current queue, the cell 
is enqueued in Q2, as shown in FIG. 2. If thecell is early, 
meaning that it becomes available before the serving 
queue of this virtual circuit becomes the current queue, 
the state machine instance enqueues the cell in the 
serving queue of this virtual circuit For example, if a cell 
of VC 14 becomes available while Q1 is the current 
queue, the cell is enqueued in Q2, VC 14's serving 
queue; similarly, if a cell of VC 6 becomes available 
while Q2 is the current queue, the cell is enqueued in 
Q3, VC 6's serving queue, as shown in FIG. 2. If the cell 
is late, meaning that it becomes available after the serv- 
ing queue of this virtual circuit has ceased to be the cur- 
rent queue, the state machine instead enqueues the cell 
in the current queue and henceforth changes the des- 
ignation of the serving queue of this virtual circuit to 
make the current queue the serving queue of this virtual 
circuit. For example, if a cell of VC 12, whose serving 
queue is Q0, becomes available when Q2 is the current 
queue, the cell is enqueued in Q2 and VC 12's serving 
queue is henceforth changed from Q0 to Q2, as shown 
in FIG. 2. 

[0024] All of this ensures that a minimum interval of 
5.785ms is maintained between successive cells of the 
same virtual circuit output to physical layer 120, and 
hence ensures that a virtual circuit does not exceed its 
peak instantaneous cell rate of one cell per 5.785ms. 
[0025] State machines 140-141 together comprise a 
plurality of functions, shown in FIGS. 3-6. A global ini- 
tialization function of FIG. 3 initializes state machines 
140-141 . Upon its invocation at start-up of the system, 
at step 300, the function sets a global variable "emit 
count" 310 equal to zero, at step 302, and sets a global 
variable "emit Q" 312 to point to the first queue 131 of 
the sequence 1 30 of shaper queues, at step 304. Its op- 
eration then ends, at step 306. 
[0026] An instance initialization function of FIG. 4 in- 
itializes an instance of enqueue state machine 140 for 
a particular virtual circuit. Upon its invocation at creation 
of a virtual circuit, at step 400, the function is passed the 
VPi/VCI of this virtual circuit. In response, it associates 
a new locaJ variable "emit" 420 with this VPiWCI, at step 



402. "Emit" 420 is a special variable in that its least-sig- 
nificant bit 421 and its most-significant (eighth) bit 422 
serve as flags. A set value of LSB 421 serves as a flag 
that indicates a first cell for this virtual circuit, and a set 
5 value of MSB 422 serves as a flag that indicates that a 
cell is late. After step 402, the function sets LSB 421 to 
a value of one, at step 404. Its operation then ends, at 
step 406. 

[0027] An enqueuing function of FIG. 5 enqueues a 
cell to one of the shaper queues 131. Its execution is 
triggered by receipt of a eel! from ATM layer 1 21 , at step 
500. Upon its invocation, it uses the VPI/VCI of the cell's 
ATM header to identify the "emit" variable 420 that is 
associated with this virtual circuit, at step 502. The func- 
tion then sets a local variable "offset* 550 to equal the 
value of "emit" 420 minus the value of "emit count" 31 0, 
modulo 47-2 (i.e., 94), at step 504, and checks if the 
result indicates a first cell or a late cell for this virtual 
circuit, at step 506. As in the case of "emit" 420 a set 
LSB 421 of "offset 550 indicates a first cell, and a set 
MSB 422 of "offset" 550 indicates a late cell. If neither 
a first nor a late cell is indicated, the function sets a local 
variable "Q pointer" 522 to point to the shaper queue 
1 31 that is indexed by the value of "emit" 420 divided by 
two, at step 508. If either a first or a late cell is indicated 
at step 506, the function sets the value of "Q pointer" 
522 to the value of "emit Q" 312, at step 510, and then 
sets the value of "emit" 420 to the value of "emit count" 
31 0, at step 51 2. Following step 508 or 5 1 2, the function 
enqueues the cell that it received at step 500 in the shap- 
er queue 131 pointed to by "Q pointer" 522, at step 514. 
It then ends its operation, at step 51 6, until the next cell 
is received. 

[0028] A dequeuing function of FIG. 6 dequeues cells 
from one of the shaper queues 131 during each 
processing interval of 125us. Upon its invocation at the 
start of each processing interval, at step 600, the func- 
tion checks whether the one of the shaper queues 131 
that is pointed to by "emit Q" 312 is empty, at step 602. 
If it is not empty, the function dequeues a cell from that 
queue 1 31 , at step 604, and sends the dequeued cell to 
physical layer 120, at step 606. The function then re- 
turns to step 602. If and when the function determines 
at step 602 that the shaper queue 131 pointed to by 
"emit Q" 312 is empty, its job for this operating interval 
is done. It increments "emit count" 310 by two, modulo 
47.2 (i.e., 94), at step 608 - incrementing and counting 
"emit count" 310 by two ensures an emit count that is 
always even and thus does not mask the "first cell" flag 
421 of "emif 420. The function also increments "emit 
Q" 312 by one, modulo 47, to set it pointing to the next 
sequential one of the shaper queues 131 , at step 610. 
The function then ends its operation, at step 612. 
[0029] A second illustrative traffic shaper 1 21 embod- 
ying the invention is shown in FIG. 7. It is tailored to 
serve both narrowband and wideband CBR virtual cir- 
cuits. With respect to narrowband channels, it is config- 
ured and operates as shown in FIG. 2 with the exception 
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that, instead of using 47 shaper queues130, it uses N 
shaper queues, where N is at least equal to the number 
of queue processing intervals in the maximum expected 
cell delay (the time difference between receipt and 
transmittal of a cell) that traffic shaper 121 will have to 
introduce for a constant bit rate virtual circuit For exam- 
ple, if the maximum expected cell delay is 20ms, then 
N = 20ms / 1 25us = 1 60. Alternatively, N may be viewed 
as the multiple of the maximum expected cell delay and 
the peak instantaneous cell rate of the fastest one of the 
virtual circuits. 

[0030] As was mentioned previously, each wideband 
circuit comprises a plurality of narrowband circuits. 
Hence, each wideband circuit has a plurality of corre- 
sponding serving queues — as many as there are nar- 
rowband circuits that make up this wideband circuit - 
evenly spaced (separated by an equal number of 
queues) within sequence 1 30 of queues 131 . As shown 
in FIG. 7, for example, serving queues of VC 23 include 
Q0 and Q(N-1); serving queues of VC 20 include Q1 
and Q5; serving queues of VC 22 include Q1 and Q3; 
serving queues of VC 25 include Q2 and Q(N-1); and 
serving queues of VC 25 include Q3 and Q(N-1). As in 
the example of FIG. 2, dequeue state machine 141 emp- 
ties one of the queues 131 -preferably the current queue 
- during each queue-processing period, and successive 
ones of the queues 131 are designated as the current 
queue during successive queue-processing periods. 
[0031] When ATM layer 121 makes an ATM cell of a 
wideband virtual circuit available on time, i.e., while one 
of the serving queues of the virtual circuit is the current 
queue, the virtual circuit's corresponding state machine 
instance enqueues the cell in the current queue. For ex- 
ample, if a cell of VC 25 becomes available while Q2, 
one of VC 25's serving queues, is the current queue, the 
cell is enqueued in Q2, as shown in FIG. 2. If the cell is 
made available early, i.e., before a next serving queue 
of this virtual circuit becomes the current queue, the 
state machine instance enqueues the cell in the next 
serving queue of this virtual circuit. For example, if acell 
of VC 24 becomes available while Q1 is the current 
queue, the cell is enqueued in Q2, one of VC 24's serv- 
ing queues; similarly, if a cell of VC 26 becomes availa- 
ble while Q2 is the current queue, the cell is enqueued 
in Q3, one of VC 26's serving queues, as shown in FIG. 
7. If the cell is made available late, i.e., after a serving 
queue of this virtual circuit has ceased to be the current 
queue, the state machine instance enqueues the cell in 
the current queue and the definition of each one of this 
virtual circuit's serving queues is shifted by the same 
amount so that the current queue becomes one of the 
virtual circuit's serving queues. For example, if a cell of 
VC 22, whose serving queues include Q1 and Q3, be- 
comes available when Q2 is the current queue, the cell 
is enqueued in Q2 and the definition of what are VC 22's 
serving queues is shifted by one queue so that Q2 be- 
comes a serving queu of VC 22 instead of Q1 , Q4 be- 
comes a serving queue of VC 22 instead of Q3, and so 



on. The current queue thus becomes a substitute for the 
serving queue that has last ceased to be the current 
queue. 

[0032] All of this again ensures that a minimum inter- 
5 val is maintained between successive cells of the same 
VC received by physical layer 120, and hence ensures 
that a virtual circuit does not exceed its peak allowed 
instantaneous cell rate. 

[0033] State machines 140-1 41 of the implementation 
10 of FIG. 7 also include a plurality of functions, shown in 
FIGS. 3 and 8-10. Global initialization of state machines 
140-1 41 , shown in FIG. 3, does not change from the pre- 
viously-described embodiment. As shown in FIG. 8, in- 
itialization of an instance of enqueue state machine 140 
f£ for a particular virtual circuit, be it a narrowband or a 
wideband circuit, requires the definition of an additional 
variable that defines the minimum allowed period of time 
between successive cells of that virtual circuit, i.e. , it de- 
fines the spacing between serving queues of this virtual 
circuit in sequence 130 of shaper queues 131 . For ex- 
ample, in FIG. 7 the "period" for a narrowband channel 
is N, and for a wideband channel consisting of X nar- 
rowband channels it is N/X. Upon its invocation, at step 
800, the function is passed the VPI/VCI of this virtual 
circuit and the peak allowed instantaneous cell rate. In 
response, it associates new local variables "emit" 420 
and "period" 820 with this VPIA/CI, at step 802. It then 
sets the value of "emit" 420 to one, at step 804, which 
serves as a flag that indicates a first cell for this virtual 
circuit. The function also sets the value of "period" 820, 
at step 806. The function then ends its operation, at step 
808. 

[0034] The function of FIG. 9 enqueues a cell to one 
of the shaper queues 131 . Its execution is triggered by 
receipt of a cell from ATM layer 120, at step 900. Upon 
its invocation, it uses the VPIA/CI of the cell's ATM head- 
er to identify the "emit" variable 420 and "period" varia- 
ble 820 that are associated with this virtual circuit, at 
step 902. The function then sets a local variable "offset" 
650 to equal the value of "emit" 420 minus the value of 
"emit count" 310, at step 904, and checks if the result 
indicates a first cell or a late cell for this virtual circuit, at 
step 906. As in the case of "emit" 420, a set LSB 421 of 
"offset" 650 indicates a first cell and a set MSB 422 of 
"offset" 650 indicates a late ceil. If neither a first nor a 
late cell is indicated, the function sets a local variable 
"Q pointer" 652 to point to the shaper queue 131 that is 
indexed by a value of "emit" 420 divided by two, modulo 
P, at step 908, where P is an integral multiple of N and 
P > 4N. The function then increments the value of "emit" 
420 by the value of "period" 820, at step 909. If either a 
first or a late cell is indicated at step 906, the function 
sets the value of "Q pointer" 652 to the value of "emit Q" 
312, at step 910, and then sets the value of "emit" 420 
to the value of "emit count" 310, at step 912. Following 
step 909 or 912, the function enqueues the cell that it 
received at step 900 in the shaper queue 131 pointed 
to by "Q pointer" 652, at step 914. It then ends its oper- 
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ation, at step 916, until the next cell is received. 
[0035] The function of FIG. 10 dequeues cells from 
one of the shaper queues 1 31 during ach cell-process- 
ing period. Upon its invocation at the start of each peri- 
od, at step 1000, the function checks whether the one s 
of the shaper queues 131 that is pointed to by "emit Q" 
312 is empty, at step 1 002. If it is not empty, the function 
dequeues a cell from that queue 1 31 , at step 1 004, and 
sends the dequeued cell to physical layer 120, at step 
1006. The function then returns to step 1002. If and 
when the function determines ai step 1002 that the 
shaper queue 131 pointed to by "emit Q" 31 2 is empty, 
its job for this operating interval is done. It increments 
"emit count" 31 0 by two, modulo P, at step 1 08, and in- 
crements "emit Q" 312 by one, modulo P, to set it point- 
ing to the next one of shaper queues 131 in sequence 
1 30, at step 1 01 0. The function then ends its operation, 
at step 1012. 

[0036] A third illustrative traffic shaper 121 embodying 
the invention is shown in FIG. 11 . It is tailored to serve 
virtual circuits of any kind, be they narrowband or wide- 
band, constant bit-rate or variable bit-rate. With respect 
to constant-bit-rate virtual circuits, it is configured and 
operates as shown in FIG. 7 and described in conjunc- 
tion therewith. With respect to variable-bit-rate virtual 
circuits, it also is configured and operates as shown in 
FIG. 7 with the exception that, in addition to shaping 
queues 131, it makes use of an overflow queue 1100 
when necessary. 

[0037] A variable-bit-rate virtual circuit can produce a 
plurality of cells substantially at the same time. Each one 
of a plurality of early cells is treated as an early cell, and 
each is enqueued in a different one of the virtual circuit's 
serving queues. For example, if, during the time that Q1 
is the current queue, two cells arrive for VC 34, whose 
serving queues include Q2 and Q4, one of the cells is 
enqueued in Q2 and the other ceil is enqueued in Q4, 
as shown in FIG. 11 . Each one of a plurality of cells that 
includes a late cell results in the late (first) cell being 
treated as a late cell, and the other cells are treated as 
early cells. For example, if, during the time that Q2 is 
the current queue, a late cell and an on-time cell arrive 
for VC 32, whose serving queues include Q1 and Q3, 
the late cell is enqueued in current Q2, the serving 
queues of VC 32 are shifted from Q1, Q3, etc. to Q2, 
Q4, etc., and the second cell is enqueued in Q4. There 
is no change in treatment of on-time cells, as only one 
cell can be on-time during a queue processing period. 
[0038] Overflow of queues 1 31 occurs when so many 
cells arrive for a virtual circuit so quickly in succession 
that each serving queue of that virtual circuit presently 
holds one cell of that virtual circuit and the enqueuing 
gets ahead of the dequeuing, so that enqueuing of an- 
other cell of this virtual circuit would result either in a 
serving queue of this virtual circuit simultaneously stor- 
ing two or more cells of this virtual circuit or in the en- 
queuing wrapping around the sequence of serving 
queues and thereby possibly causing cells to be trans- 



mitted out of order. Overflow queue 1100 comes into 
play then, and is used to temporarily store any overflow 
cells of any and all virtual circuits before the dequeuing 
function makes room for them in queues 131. For ex- 
ample, as shown in FIG. 11 , overflow queue 1100 may 
at one time hold a single overflow cell for VC 30, followed 
by three overflow cells for VC 35, etc., and ending in two 
overflow cells for VC 33. The overflow cells are period- 
ically moved from overflow queue 1100 to queues 131 
as room becomes available. To simplify operation, any 
cells for a virtual circuit that arrive while any ceds for ti its 
virtual circuit remain in overflow queue 1100 are treated 
as overflow cells and are enqueued in overflow queue 
1100. 

[0039] State machines 140-141 of the implementation 
of FIG. 11 include the initialization functions shown in 
FIGS. 3 and 8, plus the enqueuing function shown in 
FIG. 12 and the dequeuing function shown in FIG. 13. 
Execution of the enqueuing function of FIG. 12 is trig- 
gered by the ATM layer making a cell available, at step 
1200. Upon its invocation, it uses the VPI/VCI of the 
cell's ATM header to identify the "emit 0 variable 420 and 
"period" variable 820 that are associated with this virtual 
circuit, at step 1202. The function then sets a local var- 
iable "offset" 650 to equal the value of "emit" 420 minus 
the value of "emit count" 31 0, at step 904, and checks 
if the result is greater than N (the number of shaping 
queues 131 in sequence 130), at step 1205. Value of 
"offset" 650 greater than N indicates an overflow condi- 
tion, and so the function merely enqueues the received 
cell on overflow queue 1100, at step 1218, and then 
ends its operation, at step 1220. If an overflow condition 
is not detected at step 1205, the function proceeds to 
steps 1206 et seq. that duplicate the steps 906 et seq. 
of FIG. 9, with the exception that the modulo operation 
in steps 1209 and 1212 is modulo R and not modulo P. 
R is an integral multiple of N at least equal to P, and is 
also equal to or greater than the number of cell process- 
ing periods in the maximum expected cell delay that traf- 
fic shaper 121 will have to introduce for any virtual cir- 
cuit. For example, if N is 1 60 andthe maximum expected 
cell delay for any virtual circuit is 70ms, then R=T70ms 
/125us? N =4N=640. 

[0040] The function of FIG. 13 dequeues cells from 
overflow queue 1100 once during each full cycle of op- 
erating intervals and dequeues calls from one of the 
shaper queues during each operating interval. Upon its 
invocation at the start of each interval, at step 1300, the 
function checks whether the value of "emit count" 310 
is zero, at step 1 301 . If so, it means that a new cycle of 
operating intervals is starting, and so the function pro- 
ceeds to do overflow queue 11 00 processing. It checks 
whether overflow queue 1 1 00 is empty, at step 31 4. If it 
is not empty, the function dequeues a cell from overflow 
queue 1 1 00, at step 1 31 6, and sends it to the enqueuing 
function of FIG. 12, at step 1318. The enqueuing func- 
tion of FIG. 12 treats the cell as if it had just been re- 
ceived from ATM layer 122. The dequeuing function 
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then returns to step 314. If and when the dequeuing 
function finds at step 314 that overflow queue 1100 is 
empty, or if it finds at step 1301 that "emit count" 310 is 
not zero, it proceeds to steps 1302 et seq. which dupli- 
cate the steps 1002 etseq, of FIG. 10, withth exception 
that the modulo operation in step 1308 is modulo R and 
not modulo P. 

[0041 ] Of course, various changes and modifications 
to the Illustrative embodiments described above will be 
apparent to those skilled in the art. For example, the 
overflow queue may take the form of a hierarchy of a 
plurality of overflow queues, with each level in the hier- 
archy corresponding to a different number of processing 
cycles (processing cycle=processing interval -number of 
shaper queues) and for storing cells arriving the corre- 
sponding number of processing cycles earty. Such 
changes and modifications can be made within the 
scope of the invention and without diminishing its at- 
tendant advantages. It is therefore intended that such 
changes and modifications be covered by the following 
claims except insofar as limited by the prior art. 



Claims 

1 . A traffic shaper (1 21 ) for a plurality of streams (VC) 
of traffic, comprising: 

a first plurality of queues (1 31 ); 
dequeuing means (141) cooperative with the 
first plurality of queues for transmitting contents 
of a sequence of the queues; and 
enqueuing means (140) cooperative with the 
first plurality of queues and responsive to re- 
ceipt of traffic from a traffic stream for storing 
(154) the received traffic in the serving (508) 
queue of the traffic stream, 

CHARACTERISED IN THAT 

the first plurality of queues comprises a se- 
quence (130) of the queues shared by the plu- 
rality of traffic streams, each of the traffic 
streams having at least one of the queues des- 
ignated (420, 550) as its serving queue; 
the dequeuing means cyclically transmit (606) 
the contents of a different sequential (610, 31 2) 
one of the queues during each sequential peri- 
od of a said first plurality of periods, wherein 
during each period a queue having a fixed off- 
set in the sequence from the queue whose con- 
tents are being transmitted forms a current 
queue for that period; and 
the enqueuing means are responsive to receipt 
(500) of traffic from any said traffic stream dur- 
ing a period before a serving queue of that traf- 
fic stream becomes the current queue for said 
period, for storing (514) the received traffic in 



the serving (508) queue of the traffic stream, 
are further responsive to receipt of traffic from 
any said traffic stream during a period when a 
serving queue of that traffic stream is the cur- 

5 rent queue for said period, for storing (51 4) the 

receiving traffic in the current (508) queue for 
said period, and are further responsive to re- 
ceipt of traffic from any said traffic stream dur- 
ing a period after a serving queue of that traffic 

10 stream ceased being the current queue for said 

period, for storing (514) the received traffic in 
the current (510) queue for said period and 
changing (512) the designation of the at least 
one serving queue of that traffic stream to des- 

15 ignate the current queue of said period as a 

serving queue of that traffic stream. 

2. A traffic shaper as claimed in claim 1 wherein: 

20 the at least one serving queue of a traffic stream 

comprises a plurality of serving queues spaced 
(820) evenly in the sequence of queues, and 
the enqueuing means change the designation 
of the at least one serving queue of said traffic 

25 stream by shifting (912) the designation from 

each of the serving queues a same distance in 
the sequence to other queues that include the 
current queue. 

30 3. A traffic shaper as claimed in claim 1 wherein: 

the first plurality of queues comprises at least 
as many queues as there are said periods in a 
maximum time between receipt of traffic of any 
35 stream by the enqueuing means and transmis- 

sion of said traffic of said stream by the dequeu- 
ing means; and 

each period comprises a time interval at most 
equal to an inverse of a peak instantaneous 
40 rate of receipt of the traffic of a fastest one of 

the traffic streams. 

4. A traffic shaper as claimed in claim 1 wherein: 
the fixed offset is zero. 

45 

5. A traffic shaper as claimed in claim 1 wherein: 

at least one of the traffic streams is a variable- 
bit-rate traffic stream of one of a plurality of dif- 

50 ferent sizes; 

the one traffic stream has a non-zero number 
of queues proportional to its size designated 
(420, 820) as its at least one serving queue, and 
the serving queues of the one traffic stream are 

55 equally spaced within the sequence of queues; 

and 

the traffic shaper further comprises 

at least one overflow queue (1100) for storing 



8 



15 



EP 1 037 496 B1 



16 



(1218) any traffic of any stream received when 
operation of the enqueuing means would get 
ahead (1205) of operation of the dequeuing 
means, and 

means for causing (1316, 1318) the enqueuing $ 
means to receive traffic stored in the overflow 
queue when operation (1 004) of the dequeuing 
means has made room for storing the traffic 
stored in the overflow queue available in the se- 
quence of the queues. 10 

6. A method of shaping traffic of a plurality of streams 
of traffic, comprising: 

in response to receipt of traffic from a traffic '5 
stream, storing the received traffic in a serving 
queue of that traffic stream among a first plu- 
rality of queues; and 

transmitting contents of a sequence of the 
queues, 20 

CHARACTERISED BY 

for each one of the plurality of traffic streams, 
designating (420, 550) at least one of the se- 25 
quence (130) of the first plurality of queues 
(131) shared by the plurality of traffic streams 
as a serving queue of said one traffic stream; 
wherein 

the transmitting comprises 30 
cyclically transmitting (606) contents of the se- 
quence of the queues by transmitting the con- 
tents of a different sequential (61 0, 31 2) one of 
the queues during each sequential period of a 
said first plurality of periods, wherein during 35 
each period a queue having a fixed offset in the 
sequence from the queue whose contents are 
being transmitted forms a current queue for that 
period; and 

the storing comprises 40 
in response to receipt (500) of traffic from any 
said traffic stream during a period before a serv- 
ing queue of that traffic stream becomes the 
current queue for said period, storing (514) the 
received traffic in the serving (508) queue of 45 
that traffic stream, 

in response to receipt of traffic from any said 
traffic stream during a period when a serving 
queue of that traffic stream is the current queue 
for said period, storing (51 4) the received traffic so 
in the current (508) queue, and 
in response to receipt of traffic from any said 
traffic stream during a period after a serving 
queue of that traffic stream ceased being the 
current queue for said period, storing (51 4) the 55 
received traffic in the current (510) queue for 
that period, and changing (512) the designation 
of the at least one serving queue of that traffic 



stream to designate the current queue for said 
period as a serving queue of that traffic stream. 

7. A method as claimed in claim 6 wherein: 

designating comprises 

for at least one traffic stream, designating a plu- 
rality of the queues spaced (820) evenly in the 
sequence of queues as the serving queues of 
said one traffic stream; and 
changing the designation comprises 
shifting (912) the designation from each of the 
serving queues of said one traffic stream a 
same distance in the sequence to other queues 
that include the current queue. 

8. A method as claimed in claim 6 wherein: 

the first plurality of queues comprises at least 
as many queues as there are said periods in a 
maximum time between receipt of traffic of any 
stream by the enqueuing means and transmis- 
sion of said traffic of said stream by the dequeu- 
ing means; and 

each period comprises a time interval at most 
equal to an inverse of a peak instantaneous 
rate of receipt of the traffic of a fastest one of 
the traffic streams. 

9. A method as claimed in claim 6 wherein: 

the fixed offset is zero. 

10. A method as claimed in claim 6 wherein: 

at least one of the traffic streams is a variable- 
bit-rate traffic stream of one of a plurality of dif- 
ferent sizes; and 

the one traffic stream has a non-zero number 
of queues proportional to its size designated 
(420, 820) as its at least one serving queue, and 
the serving queues of the one traffic stream are 
equally spaced within the sequence of queues; 
and 

each step of storing comprises 
storing (1 21 8) the received traffic in an overflow 
queue (1 1 00) instead of a queue of the first plu- 
rality of queues if storing the received traffic in 
the queue of the first plurality of queues would 
get ahead (1205) of the cyclically transmitting, 
and 

in response to room for storing the traffic stored 
in the overflow queue having been made avail- 
able in the first plurality of queues by said cy- 
clically transmitting (1 004) contents of the se- 
quence of queues, storing (1 31 6, 1 31 8) the traf- 
fic stored in the overflow queue in the first plu- 
rality of queues. 
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Patentanspruche 

1. Verkehrsformungsvorrichtung (121) fur eine Viel- 
zahl von Verkehrsstromen (VC), aufw isend: 

eine erste Vielzahl von Warteschlangen (131); 
eine mit der ersten Vielzahl von Warteschlan- 
gen zusammenarbeitende Warteschlangen- 
Auflosungseinrichtung zum Ubertragen von In- 
halten einer Folge von den Warteschlangen; 
und 

eine mit der ersten Vielzahl von Warteschlan- 
gen zusammenarbeitende und auf den Emp- 
fang von Verkehr aus einem Verkehrsstrom an- 
sprechende Warteschlangen-Aufbaueinrich- 
tung (140) zum Speichern (154) des empfan- 
genen Verkehrs in der Abwicklungswarte- 
schlange (508) des Verkehrsstroms, 

dadurch gekennzelchnet, daB 

die erste Vielzahl von Warteschlangen ein Fol- 
ge (130) von den von der Vielzahl der Verkehrs- 
strome gemeinsam genutzten Warteschlangen 
aufweist, wobei jeder Verkehrsstrom minde- 
stens eine von den bezeichneten Warteschlan- 
gen (420, 550) als seine Abwicklungswarte- 
schlange besitzt; 

die Warteschlangen-Auflosungselnrichtung zy- 
klisch den Inhalt einer anderen f olgenden War- 
teschlange (61 0, 31 2) wahrend jeder f olgenden 
Periode der ersten Vielzahl von Perioden uber- 
tragt (606), wobei wahrend jeder Periode eine 
Warteschlange mit einer festen Verschiebung 
in der Folge von der Warteschlange aus, deren 
Inhalte ubertragen werden, eine aktuelle War- 
teschlange fur diese Periode bildet; und 
die Warteschlangen-Aufbaueinrichtung auf 
den Empfang (500) von Verkehr von jedem Ver- 
kehrsstrom wahrend einer Periode anspricht, 
bevor eine Abwicklungswarteschlange dieses 
Verkehrsstroms die aktuelle Warteschlange fur 
diese Periode wird, urn den empfangenen Ver- 
kehr in der Abwicklungswarteschlange (508) 
des Verkehrsstroms zu speichern (514), und 
femer auf den Empfang von Verkehr von jedem 
Verkehrsstrom wahrend einer Periode ansp- 
ticht, wenn eine Abwicklungswarteschlange 
dieses Verkehrsstroms die aktuelle Warte- 
schlange fur diese Periode ist, urn den empfan- 
genen Verkehr in der aktuellen Warteschlange 
(508) fur diese Periode zu speichern (514), und 
femer auf den Empfang von Verkehr von jedem 
Verkehrsstrom wahrend einer Periode reagiert, 
nachdem eine Abwicklungswarteschlange die- 
ses Verkehrsstroms aufhorte eine Abwick- 
lungswarteschlange fur diese Periode zu sein, 
urn den empfangenen Verkehr in der aktuellen 



Warteschlange (510) fur diese Periode zu spei- 
chern (514) und die Bezeichnung der minde- 
stens einen Abwicklungswarteschlange dieses 
Verkehrsstroms zu andem (512), urn di aktu- 
5 elle Warteschlange dieser Periode als eine Ab- 

wicklungswarteschlange dieses Verkehrs- 
stroms zu bezeichnen. 

2. Verkehrsfomiungsvorrichtung nach Anspruch 1, 
10 wobei: 

die mindestens eine Abwicklungswarteschlan- 
ge eines Verkehrsstroms eine Vielzahl von Ab- 
wicklungswarteschlangen aufweist, die in der 
is Folge von Warteschlangen gleichmaBig beab- 

standet sind (820) sind, und 
die Warteschlangen-Aufbaueinrichtung die Be- 
zeichnung der mindestens einen Abwicklungs- 
warteschlange des Verkehrsstroms durch Ver- 
sa schiebung (912) der Bezeichnung von jeder 
Abwicklungswarteschlange urn einen gleichen 
Abstand in der Folge auf andere Warteschlan- 
gen, welche die aktuelle Warteschlan ge enthal- 
ten, verandert. 

25 

3. Verkehrsformungsvorrichtung nach Anspruch 1, 
wobei: 

die erste Vielzahl von Warteschlangen minde- 
30 stens so viele Warteschlangen umfaBt, wie die 

Perioden in einer maximalen Zeit zwischen 
dem Empfang von Verkehr von jedem Strom 
durch die Warteschlan gen- Auf baueinrichtung 
und der Ubertragung des Verkehrs des Stroms 
35 durch die Warteschlan gen-Auflosu ngseinrich- 

tung vorhanden sind; und 
jede Periode ein Zeitintervall nahezu gleich ei- 
ner ein Inversen der Spitzenmomentanrate ei- 
nes Empfangs des Verkehrs eines schnellsten 
40 von den Verkehrsstromen aufweist. 

4. Verkehrsformungsvorrichtung nach Anspruch 1, 
wobei: 

die feste Verschiebung Null ist; 

45 

5. Verkehrsformungsvorrichtung nach Anspruch 1, 
wobei: 

mindestens einer von den Verkehrsstromen ein 
50 Verkehrsstrom mit variabler Bitrate mit einer 

von einer Vielzahl unterschiedlichen GroBen 
ist; 

der eine Verkehrsstrom eine Anzahl von War- 
teschlangen ungleich Null proportional zu sei- 
55 ner angegebenen GrdBe (420, 480) als seine 

mindestens eine Abwicklungswarteschlange 
besitzt, und die Abwicklungswarteschlangen 
des einen Verkehrsstroms innerhalb der Fol- 
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gen der Warteschlangen gleich beabstandet 
sind; und 

die Verkehrsformungsvorrichtung ferner um- 
faBt: 

5 

mindestens eine Uberlaufwarteschlange 
(1100) zum Speichem (1218) jedes Ver- 
kehrs jedes empfangenen Stroms, wenn 
der Betrieb der Warteschlangen-Aufbau- 
einrichtung vor dem Betrieb der Warte- 10 
schlangen-Auficsungseinrichtung stattfin- 
det (1205); und 

eine Einrichtung, um die Warteschlangen- 
Aufbaueinrichtung zu veranlassen (1316, 
1318), in der Uberlaufwarteschlange ge- *s 
speicherten Verkehr zu empfangen, wenn 
die Operation (1004) der Warteschlangen- 
Auflosungseinrichtung Platz fur die Spei- 
chem ng des Verkehrs geschaffen hat, der 
in der in der Folge der Warteschlangen ver- 20 
fugbaren Uberlaufwarteschlange gespei- 
chert 1st. 

6. Verfahren zur Speicherung von einer Vielzahl von 
Verkehrsstrdmen, welches die Schritte aufweist: 25 

als Antwort auf den Empfang eines Verkehrs 
aus einem Verkehrsstrom Speichem des emp- 
fangenen Verkehrs in einer Abwicklungswarte- 
schlange dieses Verkehrsstroms unter einer er- 30 
sten Vielzahl von Warteschlangen; und 
Ubertragen der Inhalte einer Folge von Warte- 
schlangen, 

dadurch gekennzeichnet, da 6 35 

7. 

fur jeden einzelnen von der Vielzahl von Ver- 
kehrsstromen mindestens eine von den Folgen 

(130) der ersten Vielzahl von Warteschlangen 

(131) , welche von den Vielzahl der Verkehrs- *o 
strdme gemeinsam genutzt werden, als eine 
Abwicklungswarteschlange des eines Ver- 
kehrsstroms bezeichnet wird (420, 550); wobei 
das Ubertragen umfaBt: 

45 

ein zyklisches Ubertragen (606) der Inhalte 
der Folge von den Warteschlangen, indem 
die Inhalte eine anderen folgenden Warte- 
schlange (610, 312) wahrend jeder folgen- 
den Periode der ersten Vielzahl von Peri- so 
oden ubertragen werden, wobei wahrend 
jeder Periode eine Warteschlange mit ei- 8. 
nerfestgelegten Verschiebung in der Folge 
von der Warteschlange aus, deren Inhalte 
gerade ubertragen werden, eine aktuelle 55 
Warteschlange fur dieses Periode bildet; 
und 

das Speichem umfaBt: 



unter Ansprechen auf den Empfang 
von Verkehr von jedem Verkehrsstrom 
wahrend einer Periode, bevor eine Ab- 
wicklungswarteschlange dieses Ver- 
kehrsstroms die aktuelle Warteschlan- 
ge fur diese Periode wird, das Spei- 
chem (514) des empfangenen Ver- 
kehrs in der Abwicklungswarteschlan- 
ge (508) dieses Verkehrsstroms, 
unter Ansprechen auf den Empfang 
von Verkehr von jedem Verkehrsstrom 
wahrend einer Periode, wenn eine Ab- 
wicklungswarteschlange dieses Ver- 
kehrsstroms die aktuelle Warteschlan- 
ge fur diese Periode ist, das Speichem 
(514) des empfangenen Verkehrs in 
der aktuellen Warteschlange (508), 
und 

unter Ansprechen auf den Empfang 
von Verkehr von jedem Verkehrsstrom 
wahrend einer Periode, nachdem eine 
Abwicklungswarteschlange dieses 
Verkehrsstroms aufhorte eine Abwick- 
lungswarteschlange fur diese Periode 
zu sein, das Speichem (51 4) des emp- 
fangenen Verkehrs in der aktuellen 
Warteschlange (510) fur diese Periode 
und das Verandern (51 2) der Bezeich- 
nung der mindestens einen Abwick- 
lungswarteschlange dieses Verkehrs- 
strom, um die aktuelle Warteschlange 
dieser Periode als eine Abwicklungs- 
warteschlange dieses Verkehrsstroms 
zu bezeichnen. 

Verfahren nach Anspruch 6, wobei 
das Bezeichnen umfaBt: 

fur mindestens einen Verkehrsstrom das Be- 
zeichnen einer Vielzahl von Warteschlangen, 
die gleichmaBig in der Folge von Warteschlan- 
gen beabstandet (820) sind, als die Abwick- 
lungswarteschlangen des einen Verkehrs- 
stroms; und 

das Anderung der Bezeichnung umfaBt: 

das Verschieben (912) der Bezeichnung 
von jeder Abwicklungswarteschlange des ei- 
nen Verkehrsstroms um den gleichen Abstand 
in der Folge auf andere Warteschlangen, wel- 
che die aktuelle Warteschlange enthalten. 

Verfahren nach Anspruch 6, wobei 

die erste Vielzahl von Warteschlangen minde- 
stens so viele Warteschlangen umfaBt, wie Pe- 
rioden in einer maximalen Zeit zwischen dem 
Empfang von Verkehr jedes Stroms durch die 
Warteschlangen-Aufbaueinrichtung und der 
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Obertragung des Verkehrs des Stroms durch 
die Warteschlangen-Auflosungseinrichtung 
vorhanden sind; und 

jede Periode ein Zeitintervall nahezu gleich ei- 
ner Inversen der Spitzen mom entan rate eines 
Empfangs des Verkehrs eines schnellsten von 
den Verkehrsstromen umfaBt. 

9. Verfahren nach Anspruch 6, wobei 

die teste Verschiebung Null ist; 

10. Verfahren nach Anspruch 6, wobei 

mindestens einer von den Verkehrsstromen ein 
Verkehrsstrom mit variabler Bitrate mit einer 
von einer Vielzahl unterschiedlichen GroBen 
ist; 

der eine Verkehrsstrom eine Anzahl von War- 
teschlangen ungleich Null proportional zu sei- 
ner angegebenen GroBe (420, 480) ais seine 
mindestens eine Abwicklungswarteschlange 
besitzt, und die Abwicklungswarteschlangen 
des einen Verkehrsstroms innerhalb der Fol- 
gen der Warteschlangen gleich beabstandet 
sind; und 

jeder Speicherungsschritt umfaBt: 

das Speichem (1218) des empfangenen 
Verkehrs in einer Oberiaufwarteschlange 
(1100) anstelle einer Warteschlange der 
ersten vielzahl von Warteschlangen, falls 
die Speicherung des empfangenen Ver- 
kehrs in der Warteschlange der ersten Viel- 
zahl von Warteschlangen vor der zykli- 
schen Obertragung stattfindet (1205), und 
als Antwort auf Platz zum Speichern des in 
der Oberiaufwarteschlange gespeicherten 
Verkehrs, der in der ersten Vielzahl von 
Warteschlangen durch das zyklische Ober- 
tragen (1004) von Inhalten der Folge von 
Warteschlangen verfugbar gemacht wur- 
de, das Speichern (1316, 1318) des in der 
Oberiaufwarteschlange gespeicherten 
Verkehrs in der ersten Vielzahl von Warte- 
schlangen. 



Revendications 

1. Dispositif de mise en forme du trafic (121) destin6 
a une pluralite de courants (VC) de trafic, 
comprenant : 

une premiere pluralite de files d'attente (131) ; 
des moyens de sortie de file d'attente (141) 
cooperant avec la premiere pluralite de files 
d'attente pour transmettre des contenus d'une 
sequence des files d'attente ; et 



des moyens de mise en file d'attente (1 40) coo- 
perant avec la premiere pluralite de files d'at- 
tente et sensibles a la reception de trafic d'un 
courant de trafic pour stocker (1 54) le trafic re- 
5 cu dans la file d'attente de desserte (508) du 

courant de trafic, 

caracterise en ce que : 

io la premiere pluralite de files d'attente comprend 

une sequence (130) des files d'attente parta- 
gees par la pluralite de courants de trafic, cha- 
cun des courants de trafic ayant au moins I'une 
des files d'attente designee (420, 550) en tant 

15 que sa file d'attente de desserte ; 

les moyens de sortie de file d'attente transmet- 
tant de facon cyclique (606) les contenus de 
I'une differente et sequentielle (610, 312) des 
files d'attente pendant chaque periode sequen- 
ce tielle de la premiere pluralite de peYiodes, dans 
lequel, pendant chaque periode, une file d'at- 
tente ayant un decalage fixe dans la sequence 
par rapport a la file d'attente dont les contenus 
sont en cours de transmission, forme une file 

25 d'attente courante pour cette periode ; et 

les moyens de mise en file d'attente sont sen- 
sibles a la reception (500) de trafic de Tun quel- 
conque desdits courants de trafic pendant une 
periode precedant le moment ou une file d'at- 

30 tente de desserte de ce courant de trafic de- 

vient la file d'attente courante pour cette perio- 
de, pour stocker (514) le trafic recu dans la file 
d'attente de desserte (508) du courant de trafic, 
sont en outre sensibles a la reception de trafic 

35 de Tun quelconque des courants de trafic pen- 

dant une periode lors de laquelle une file d'at- 
tente de desserte de ce courant de trafic est la 
file d'attente courante pour la periode en ques- 
tion, pour stocker (514) le trafic de reception 

to dans la file d'attente courante (508) pour la pe- 

riode en question, et sont en outre sensibles a 
la reception de trafic de Tun quelconque des 
courants de trafic pendant une p6riode faisant 
suite au moment ou une file d'attente de des- 

45 serte de ce courant de trafic a cesse d'dtre la 

file d'attente courante pour la periode en ques- 
tion, pour stocker (51 4) le trafic recu dans la file 
d'attente courante (510) pour cette periode et 
modifier (512) la designation de cette au moins 

50 une file d'attente de desserte de ce courant de 

trafic pour designer la file d'attente courante de 
la periode en question comme etant la file d'at- 
tente de desserte de ce courant de trafic. 

55 2. Dispositif de mise en forme de trafic suivant la re- 
vendtcation 1 , dans lequel : 

cette au moins une file d'attente de desserte 
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d'un courant de trafic comprend une plurality 
de files d'attente de desserte espacees (520) 
regulierement dans la sequence de files d'at- 
tente, et 

les moyens de mise en file d'attente modifient 5 
la designation de cette au moins une file d'at- 
tente de desserte du courant de trafic en deca- 
lant (912) la designation de chacune des files 
d'attente de desserte d'une meme distance 
dans la sequence vers d'autres files d'attente 10 
qui inciueni la file d'attente courante. 

3. Dispositif de mise en forme de trafic suivant la re- 
vendication 1 , dans lequel : 

15 

la premiere pluraiite defiles d'attente comprend 
au moins autant de files d'attente qu'il y a de 
periodes en question en un temps maximum 
entre la reception de trafic de I'un quelconque 
des courants par les moyens de mise en file 20 
d'attente et la transmission du trafic de ce cou- 
rant par les moyens de sortie de file d'attente ; 
et 

chaque periode comprend un intervalle de 
temps au moins egal a un inverse du debit ins- 25 
tantane crete de reception du trafic du plus ra- 
pide des courants de trafic. 

4. Dispositif de mise en forme de trafic suivant la re- 
vendication 1 , dans lequel : 30 

le decalage fixe est nul. 

5. Dispositif de mise en forme de trafic suivant la re- 
vendication 1 , dans lequel : 

35 

au moins I'un des courants de trafic est un cou- 
rant de trafic a debit binaire variable ayant Tune 
d'une pluraiite de tailles differentes ; 
le courant de trafic en question a un nombre 
non nul de files d'attente proportionnel a sa 40 
taille designee (420, 820) en tant que sa au 
moins une file d'attente de desserte, et les files 
d'attente de desserte du courant de trafic en 
question sont regulierement espacees dans la 
sequence de files d'attente ; et 
le dispositif de mise en forme de trafic com- 
prend en outre 

au moins une file d'attente de debordement 
(1100) pour stocker (1218) tout trafic de tout 
courant recu lorsque le fonctionnement des so 
moyens de mise en file d'attente prend de 
I'avance (1205) sur le fonctionnement des 
moyens de sortie de file d'attente, et 
des moyens pour faire en sorte (1316, 1318) 
que les moyens de mise en file d'attente recoi- 55 
vent le trafic stocke dans la file d'attente de de- 
bordement lorsque le fonctionnement (1004) 
des moyens de sortie de file d'attente a libere 



de la place pour le stockage du trafic stocke 
dans la file d'attente de debordement disponi- 
ble dans la sequence de files d'attente. 

6. Precede de mise en forme de trafic d'une pluraiite 
de courants de trafic, comprenant les etapes qui 
consistent a: 

en reponse a la reception de trafic d'un courant 
de trafic, stocker le trafic recu dans une file d'at- 
tente de desserte de ce courant de trafic parmi 
une premiere pluraiite de files d'attente ; et 
transmettre des contenus d'une sequence de 
files d'attente, 

caracterise par les etapes qui consistent a : 

pour chacun de la pluraiite de courants de tra- 
fic, designer (420, 550) au moins une file de la 
sequence (1 30) de la premiere pluraiite de files 
d'attente (131) partagees par la pluraiite de 
courants de trafic en tant que file d'attente de 
desserte du courant de trafic en question ; dans 
lequel 

la transmission comprend 
la transmission cyclique (606) de contenus de 
la sequence des files d'attente en transmettant 
les contenus d'une file differente etsequentielle 
(610, 312) des files d'attente pendant chaque 
periode sequentielle de la premere pluraiite de 
periodes lors de laquelle une file d'attente ayant 
un decalage fixe dans la sequence par rapport 
a la file d'attente dont les contenus sont en 
cours de transmission, forme une file d'attente 
courante pour cette periode ; et 
le stockage comprend, 

en reponse a la reception (500) de trafic de I'un 
quelconque des courants de trafic pendant une 
periode precedant le moment ou une file d'at- 
tente de desserte de ce courant de trafic de- 
vient la file d'attente courante pour cette perio- 
de, le stockage (514) du trafic recu dans la file 
d'attente de desserte (508) de ce courant de 
trafic, 

en reponse a la reception de trafic de I'un quel- 
conque des courants de trafic pendant une pe- 
riode lors de laquelle une file d'attente de des- 
serte de ce courant de trafic est la file d'attente 
courante pour cette periode, le stockage (514) 
du trafic recu dans la file d'attente courante 
(508), et 

en reponse a la reception de trafic de I'un quel- 
conque des courants de trafic pendant une pe- 
riode faisant suite au moment ou une file d'at- 
tente de desserte de ce courant de trafic a ces- 
se d'etre la file d'attente courante pour cette pe- 
riode, le stockage (514) du trafic recu dans la 
file d'attente (51 0) courante pour cette periode, 
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et la modification (512) de la designation de 
cette au moins une file d'attente de desserte de 
ce courant de trafic pour designer la file cfat- 
tente courante pour la periode en question 
comme 6tant une file d'attente de desserte de 5 
ce courant de trafic. 

7. Precede suivant la revendication 6, dans lequel : 

la designation comprend, 10 
pour au moins un courant de trafic, la designa- 
tion d'une plurality de files d'attente espacees 
(820) regulierement dans la sequence de files 
d'attente en tant que files d'attente de desserte 
du courant de trafic en question ; et 
la modification de la designation comprend 
le decalage (91 2) de la designation de chacune 
des files d'attente de desserte du courant de 
trafic en question, d'une meme distance dans 
la sequence vers d'autres files d'attente qui 20 
contiennent la file d'attente courante. 

8. Procede suivant la revendication 6, dans lequel : 

la premiere pluralite defiles d'attente comprend 25 
au moins autant de files d'attente qu'il y a de 
periodes en question en un temps maximum 
entre la reception de trafic d'un courant quel- 
conque par les moyens de mise en file d'attente 
et la transmission de ce trafic de ce courant par 30 
les moyens de sortie de file d'attente ; et 
chaque periode comprend un intervalle de 
temps au plus egal a un inverse du debit ins- 
tantane crete de reception du trafic d'un plus 
rapide des cou rants de trafic. 35 

9. Procede suivant la revendication 6, dans lequel : 

le decalage fixe est nul. 

10. Procede suivant la revendication 6, dans lequel : *o 

au moins I'un des courants de trafic est un cou- 
rant de trafic a debit binaire variable ayant I'une 
d'une pluralite de tallies differentes ; et 
le courant de trafic en question a un nombre *s 
non nul de files d'attente proportionnel a sa 
taille designee (420, 820) comme etant sa au 
moins une file d'attente de desserte, et les files 
d'attente de desserte du courant de trafic en 
question sont regulierement espacees dans la 50 
sequence de files d'attente ; et 
chaque etape de stockage comprend 
le stockage (1218) du trafic recu dans une file 
d'attente de debordement (1100) au lieu d'une 
file d'attente de la premiere pluralite de files 55 
d'attente si le stockage du trafic recu dans la 
file d'attente de la premiere pluralite de files 
d'attente prend de I'avance (1 205) sur la trans- 



mission cyclique, et 

en reponse au fait que de la place pour le stoc- 
kage du trafic stocke dans la file d'attente de 
debordement a ete rendue disponible dans la 
premiere pluralite de files d'attente par cette 
transmission cyclique (1004) des contenus de 
la sequence de files d'attente, le stockage 
(1316, 1318) du trafic stocke dans la file d'at- 
tente de debordement dans la premiere plura- 
lite de files d'attente. 
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